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Abstract. We discuss the results of the first model of the gas dynamics in the Milky Way
in the presence of two bars: the large scale primary bar or boxy bulge and a secondary bar
in the Galactic center region. We have obtained an accurate potential by modeling 2MASS
star counts and we have used this potential to simulate the gas dynamics. As a first ap-
proximation we have used one single pattern speed Ωp. The models with Ωp = 30 − 40
km s−1 kpc−1 and a primary bar orientation of 20o − 35◦ reproduce successfully many char-
acteristics of the observed longitude-velocity diagrams as the terminal velocity curve or the
spiral arm tangent points. The Galactic Molecular Ring is not an actual ring but the inner
part of the spiral arms, within corotation. The model reproduces quantitatively the “3-kpc
arm” and the recently found far-side counterpart, which are the lateral arms that contour the
bar. In the Galactic center region, the model reproduces the 1-kpc HI ring and the Central
Molecular Zone (CMZ), which is the gas response to the secondary bar. In order to repro-
duce the observed parallelogram shape of the CO longitude velocity diagram of the CMZ,
the secondary bar should be oriented by and angle of 60o − 70o with respect to the Sun-GC
line. The mass of the secondary bar amounts to (2 − 5.5) 109 M⊙, which is 10-25 % of the
mass of the primary bar.
Key words. Galaxy: structure – Galaxy: center – Galaxy: kinematics and dynamics – ISM:
kinematics and dynamics – Methods: numerical
1. Introduction
The existence of a bar or boxy bulge in the
Milky Way is now well established. However,
the structure and the dynamics of the Galaxy
still present many unknowns as the exact ori-
entation of this bar and its pattern speed.
Recently, Alard (2001) and Nishiyama et al.
(2005) have found evidence of a secondary
bar in the inner 4 degrees of the Galaxy. The
exact nature of this component and the ef-
Send offprint requests to: N.J. Rodrı´guez-Ferna´ndez
fect on the gas dynamics in the Galactic cen-
ter and the “Central Molecular Zone” (CMZ)
remain to be studied in detail. Other open
questions regarding the gas dynamics, are the
exact nature of some intense features of the
CO longitude-velocity diagram (hereafter lv-
diagram) as the “Galactic Molecular Ring”
(GMR), the “Connecting Arm” and the “3-kpc
arm”.
In this paper we will focus our atten-
tion to the inner Galaxy and in particular
to the “3-kpc arm” and its recently found
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Fig. 1. Longitude-velocity (lv) diagram of the CO(1-0) emission (Dame et al. 2001). The solid lines trace
the position of some remarkable features such as the locus of the spiral arms, the 3-kpc arm and the
Connecting Arm. The black dashed lines indicate the contour of the Galactic Molecular Ring. The solid
circles and the triangles are the terminal velocities measurements using CO and HI, respectively. The boxes
mark the position of the Sagittarius, Scutum, Norma and Centaurus tangent points. The lines concerning
the Nuclear Disk or Central Molecular Zone are blue but they are better shown in the next figure. All these
lines are used to compare with the simulations results in Fig. 3.
far-side counterpart (Dame & Thaddeus 2008)
and to the CMZ and its interplay with the
secondary or nuclear stellar bar. The frame-
work of our analysis will be the recent sim-
ulations by Rodriguez-Fernandez & Combes,
(2008) (hereafter RFC08), who have modeled
the gas dynamics in the presence of two bars
using a realistic potential derived with 2MASS
star counts.
2. The pattern speed and orientation
of the primary bar
The RFC08 models with Ωp = 30 − 40
km s−1 kpc−1 and a bar orientation of 20o−35◦
reproduce successfully many characteristics of
the observed lv-diagram as the terminal veloc-
ity curve or the spiral arm tangent points. The
Galactic Molecular Ring is also reproduced.
However, it is not an actual ring but the inner
part of the spiral arms, within corotation. The
3-kpc arm and its far-side counter part, the HI
1-kpc ring and the CMZ are also reproduced
(see below).
The inclination of the bar derived by
RFC08 is in good agreement with previous de-
terminations. Regarding the bar pattern speed,
Fig. 2. Longitude-velocity (lv) diagram of the
CO(1-0) emission in the Central Molecular Zone
using data of Bally et al. (1987) and integrating
all negative Galactic latitudes. The solid lines
trace the position of some remarkable features
such as Clump 2, or structures K and J of
(Rodriguez-Fernandez et al. 2006). The dashed line
indicates the contour of the very crowded central re-
gion.
the RFC08 results are in good agreement with
those of Weiner & Sellwood (1999), Ωp = 42
km s−1 kpc−1, or Fux (1999). In his simula-
tions the pattern speed evolves from 50 to 30
km s−1 kpc−1. Ibata & Gilmore (1995) have
obtained Ωp = 22 − 28.4 km s−1 kpc−1 by fit-
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ting K stars data with non-axisymmetric mod-
els. In contrast, Englmaier & Gerhard (1999)
suggestΩp = 50−60 km s−1 kpc−1. At the time
being, it is fair to say that the pattern speed of
the Milky Way is in the range 30 − 60 km s−1.
3. The 3-kpc arm and its far-side
counterpart
The 3-kpc arm is clearly seen in the lv-diagram
of Fig. 1 with a velocity of -53 km s−1 at l = 0◦.
The simulations of Fux (1999) suggest that it is
a lateral arm that surrounds the bar while, in the
simulations by Englmaier & Gerhard (1999), it
would be a small arm arising from the extrem-
ity of the bar. Habing et al. (2006) proposed a
different explanation based on the finding of
old stars associated with the 3-kpc arm. They
interpret the fact that both old stars and gas
could follow the same trajectories as the probe
as that the arm would be the locus of closed
orbits and not a spiral density wave maximum.
They propose that the 3-kpc arm has its origin
near one of the two points where the bar meets
its corotation radius and that the arm can be a
channel to transport gas from the corotation to
the GC, fueling the star formation.
The middle panels of Fig. 3 show the lo-
cus of the lateral arms in the simulations by
RFC08, which reproduce quite well the struc-
ture of the 3-kpc arm. Therefore, the most
likely explanation for the 3-kpc arm is a lat-
eral arm. This is in agreement with Fux (1999).
However, the Fux (1999) simulated Galaxy
is rather asymmetrical and he identified the
“135 km s−1 arm” as the far-side counter-
part of the “3-kpc arm”. While in our models
the far side 3-kpc is symmetrical to the 3-kpc
arm, in agreement with the recent finding by
Dame & Thaddeus (2008) of an arm behind the
Galactic center, that is approximately simmet-
rical to the 3-kpc arm and that they have also
identified as the far-side counterpart of the 3-
kpc arm.
4. The secondary bar and the Central
Molecular Zone
The Central Molecular Zone (hereafter CMZ)
refers to the gas accumulation in the inner hun-
dreds of parsec of the Galaxy. The CMZ ex-
tends from approximately−1.5◦ to 2◦. The spa-
tial distribution is not symmetric due to the
prominent cloud complex located at l = 1.3◦
(hereafter l=1.3◦-complex). Figure 2 shows the
lv-diagram of the inner degrees of the Galaxy.
The kinematics of this region are very com-
plex with a high fraction of the gas exhibit-
ing non-circular velocities. The contour of the
inner CMZ in the lv-diagram is shown with a
dashed line in Fig. 2.
In the central kpc of the RFC08 Galaxy
there is a ring and inside this ring there is a
small bar-like structure that is connected to the
ring by two small spiral arms. The ring size
is in excellent agreement with the observed HI
ring. The elongated structure found in the cen-
tral hundreds of parsecs corresponds to the gas
response to the nuclear bar and it resembles
the observed CMZ. The lv-diagram of these
structure reproduces the parallelogram of Fig.
2 for a secondary bar orientation of ∼ 75o.
This value is in excellent agreement with the
face on view of the CMZ inferred from CO and
OH data by Sawada et al. (2004). In the RFC08
models, the velocity dispersion of the CMZ is
well reproduced for a mass of the nuclear bar
of 2.0 − 5.5 109 M⊙
The RFC08 simulations are the very first
attempt to model the Milky Way with two
nested bars and have been performed assum-
ing a common pattern speed for both bars.
Therefore, they could not study in detail the
coupling and the evolution of the nuclear bar.
Nevertheless, these simulations explain many
characteristics of the Galaxy at scales from the
disk to the nuclear region, some for the first
time, such as the parallelogram of the CMZ.
Therefore, at present, the observational data
are compatible with a scenario of coupled bars
rotating with the same speed.
RFC08 have also proposed an scenario to
explain the observed lopsidedness of the CMZ:
it can be due to material falling into the CMZ
from the HI ring through only one of the inner
spiral arms. Fig. 3 shows that the clouds in the
arm seen at negative longitudes will be outside
the observed parallelogram of the lv-diagram
while the clouds in the arm seen at positive
longitudes “fill” the observed parallelogram.
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Fig. 3. This figure shows the face on view of the inner Galaxy for the reference model by RFC08 (pattern
speed Ωp = 30 km s−1 kpc−1, orientation of the primary and secondary bar αB = 20◦ and αb = 75◦,
respectively). The Sun is located at (0,−8000). The upper left panel shows the inner 8 × 8 kpc2 and the
lower left panel a zoom of the 2×2 kpc2. Several regions have been selected in the face on views to identify
the locus of the different structures in the lv-diagram of the right panels (using the same color code in
the face on view and the lv-diagram). Solid and dashed lines, circles and triangles are the same as in the
previous figures. The dot-dashed lines in the upper lv-diagram are the fits to the near and far 3-kpc arms as
given by Dame & Thaddeus (2008).
In this context, strong shocks are expected
in the interaction region. Indeed the l=1.3◦-
complex shows the signature of strong shocks
(Rodriguez-Fernandez et al. 2006, RFC08).
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